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b Laboratoire de Physique et Mécanique Textiles, University of Haute-Alsace, Mulhouse, FranceStent corrosion, an important issue relating to stent/endograft
durability, can manifest itself in several ways. First is a dete-
rioration of the stent’smechanical properties, which increases
the risk of fracture.1 Once corroded, the smooth surface de-
velops irregular zones where stresses concentrate, thereby
precipitating crack propagation under fatigue loading. The
second manifestation is the release of metallic ions into sur-
rounding tissues, which alters the local tissue environment
promoting an inﬂammatory reaction and in-stent restenosis.2
The release of ions will also modify the potential for the stent
material to become either anodic or cathodic in vivo, which
makes it difﬁcult to predict the corrosion process.
STENT CORROSION PROCESSES
Di-oxygen corrosion and passivation
Stent corrosion can be provoked by dioxygen and the
moisture present in the implantation environment. These
substances are oxidants, which react with the stent alloy to
generate oxides that damage the stent material. In order to
slow down corrosion and degradation of these materials, a
protecting layer is created on the material surface. This layer,
termed the passivation layer, can be either natural or arti-
ﬁcial, and the corrosion process is highly dependent on the
material used. Stents are manufactured from three mate-
rials: stainless steel (316L), nitinol, and cobalt alloys. In the
case of stainless steel, chrome atoms are added to the steel
and these interact with the oxygen present in the implan-
tation environment to generate a chromium (IV) oxide (CrO2)
oxide protection layer. In the case of nitinol, the titanium
atoms interact with oxygen to generate a titanium dioxide
protection layer.3 As for cobaltechrome alloys, it has been
shown that the CrO2 protection layer generated once the
device is in contact with its implantation environment is
more resistant than for 316L.While a rapid breakdown of the
passive surface ﬁlm and propagation of localized corrosion
can be observed with 316L using the cyclic polarization test
(ASTM standard), cobaltechrome alloy is more resistant to
corrosion as it retains the ability to repassivate any areas of
localized corrosion that might occur.DOI of original article: http://dx.doi.org/10.1016/j.ejvs.2013.06.010
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Different types of alloy exhibit different electrode poten-
tials. When the two come into contact in an electrolyte
solution, one alloy acts as the anode and the other as the
cathode. The electro-potential difference between the two
materials generates an attack on the anode member of the
galvanic couple. The anode metal dissolves into the elec-
trolyte and becomes deposited on the cathodic metal. The
presence of an electrolyte and an electrical conducting path
between the metals is essential for galvanic corrosion to
occur. When stents made from different materials are
implanted and allowed to contact each other, the galvanic
corrosion conditions are met. Physiological ﬂuid plays the
role of the electrolyte, while two adjacent stent segments
become the galvanic couple. Galvanic corrosion is affected
by the nature of the electrolyte solution3 and by the
cathode/anode area ratio.4 During direct coupling experi-
ments, it has been shown5 that the largest galvanic currents
were obtained for the noble alloys (usually used for radio-
opaque markers) coupled to nitinol. These galvanic cur-
rent values were an order of magnitude greater than those
observed with stainless steelenitinol combinations, making
it more prone to corrosion.Fretting corrosion
Under cyclic fretting conditions (e.g., wire-to-wire contact in
braided stents or stent-to-stent contact when several stents
are implanted closely together), the protective ﬁlm can
degrade. The process of fretting degrades the existing pro-
tecting ﬁlm, leading to the deposition of debris at the
interface. The measurement of the raw current density data
associated with fretting corrosion is a good way of assessing
the corrosion resistance of the surface.6 The higher the
current density, the greater the potential for corrosion, and
these methods can identify the main causes of the fretting
corrosion phenomenon, which depend on three parame-
ters: (i) the surface potential, (ii) the fretting frequency; and
(iii) the material used. For example, a nitinolenitinol couple
is less resistant to fretting corrosion than other couples
(cobaltechromium [CoCr]eNitinol or CoCreCoCr).6CONCLUSIONS ON THE RISK OF IN VIVO BIOMATERIAL
CORROSION
Most of the classic metallic biomaterials (titanium alloys,
chrome cobalt alloys and stainless steel) used in the design
of medical devices undergo a rapid corrosion process that
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and the dissolution of positive metal ions into the sur-
rounding environment. These ions combine with oxygen to
generate the oxide ﬁlm. This ﬁlm becomes a barrier to
further ion dissolution reactions and protects the metal
from further corrosion. This phenomenon is very important
for preventing in vivo corrosion and has been improved
during manufacturing process. Galvanic corrosion is a
much-feared phenomenon that could inﬂuence alloy sta-
bility. Dr Kazimierczak et al.7 present the risk of corrosion as
being negligible in conditions that attempted to reproduce
clinical conditions. In spite of the relatively simplistic
experimental conditions, which were actually not controlled
for the long term, the study’s results corroborate previous
data3 and show that the combination of endovascular de-
vices made from different alloys in clinical practice is
probably not a critical issue from the galvanic corrosion
point of view. However, the same cannot be said of fretting
corrosion. Devices should therefore be implanted in such a
way as to diminish the fretting phenomenon in order to
prevent premature stent/endograft degradation.REFERENCES
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